Outbreaks of highly pathogenic avian influenza H5N1 virus have occurred in Vietnam since 2003. However, how people got avian H5N1 infection in Northern Vietnam is still unclear. We therefore performed a combination of the serologic assays H5N1 ELISA and H5 western blot to detect anti-H5N1 specific antibodies. Sera samples of 149 subjects with suspected H5N1 infection from three provinces of Northern Vietnam were collected from September 2006 to March 2007. Our results indicated that this combinational assay showed high sensitivity (100%) and specificity (95%) when compared with hemagglutinin inhibition (HI) assay. Fifty-one sera samples (34.2%) contained specific antibodies against H5N1 viruses. Poultry raisers (32/77; 41.6%) showed higher H5N1 infection rates than slaughterers (12/41; 29.3%) and health care workers (7/31; 22.6%). Contact history with sick or dead poultry in household or slaughter-house (p < 0.05) and lack of protective equipment use when in contact with dead poultry (p < 0.05) were risk factors found to be associated with H5N1 infection. In this study, we established an alternative serologic assay for H5N1 diagnosis, and we hereby present seroepidemiologic data of H5N1 infection in Northern Vietnam.
INTRODUCTION
The global spread of highly pathogenic avian influenza (HPAI) A H5N1 viruses in poultry and sporadic human infections are viewed as a potential pandemic threat [1] . The H5N1 virus mostly disseminates among poultry and migrating birds. Reports have indicated that humans infected with the H5N1 virus were in close contact with infected dead birds [1] [2] [3] . According to WHO's report, there have been 576 human infections and 339 deaths from 2003 to 2011 [4] .
The influenza virus belongs to the Orthomyxoviridae family, which consists of enveloped viruses with a segmented single-strand RNA (negative strand). Influenza A viruses are divided into subtypes based on the antigenicity of their hemagglutinin (HA) and neuraminidase (NA) glycoproteins [5] . To date, there are 16 and 9 subtypes of HA and NA, respectively. Influenza viruses often cause annual epidemics and are responsible for several human pandemics in recent history [6] . The change of antigenicity of influenza viruses is based on antigenic drift and antigenic shift, the former caused by low fidelity of viral RNA polymerase and accumulating point mutations in HA and NA genes, and the latter resulting from the reassortment of gene segments between human, avian and swine influenza viruses [7, 8] . HA proteins play a crucial role in the life cycle of the influenza A virus. The HA protein binds with its receptor expressed on the host cells and then penetrates into cell cytoplasm by mediating the fusion of the endocytosed virus membrane with the endosomal membrane. The major cell receptor of influenza virus targets is glycosylated oligosaccharides that terminate in a sialic acid (SA) residue. Influenza A viruses target primarily airway epithelial cells via α-2,3 and α-2,6 linked SA receptors [9] . The avian H5N1 influenza virus was first found to infect humans, causing disease and death, in 1997 in Hong Kong [10] . Most studies indicated that H5N1-infected human cases may have resulted from close contact with these H5N1-infected sick birds, but there were some reports indicating that humanto-human transmission of H5N1 has been found and even proved in some countries [11] .
At present, influenza A H5N1 viruses have been genetically separated into different clades, with the most diverse clade 2 further divided into 5 subclades. Vietnam is one of the countries with the highest number of avian influenza patients in the world. Accurate and prompt diagnosis of H5N1 infection is a critical component of the disease control plan. Currently, the standard procedure for avian influenza virus detection and classification entails conventional virus isolation in embryonated eggs or MDCK cells, followed by hemagglutinin (HA) and neuraminidase (NA) subtyping using serological or RT-PCR methods [15] . For serological diagnosis, the hemagglutinin inhibition test (HI), virus neutralization test (VN), microneutralization (MN), enzyme immunoassay (EIA), and Western blot (WB) assays have been used to evaluate influenza virus-specific antibodies [16, 17] . A recent study comparing different serological assays indicated that the combination of MN with WB assays or ELISA with WB assays showed maximum sensitivity and specificity in avian influenza A H5N1 virus infection [18] . To obtain a clearer picture of the H5N1 infection in humans in Northern Vietnam, we established a combination of H5N1 ELISA and H5 WB assays to screen the suspected H5N1 cases in northern Vietnam.
MATERIALS AND METHODS

Subjects
The serological survey was carried out in subjects living in northern Vietnam provinces, including Ha Tay, Hai Duong and Thai Binh (Figure 1(a) ) from September 2006 to March 2007. In these three provinces, avian in- 
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H5N1 Virus Coated ELISA
H5N1 reverse genetics (RG) strain (A/Vietnam/1203/04) coated on the 96 well plates was used to validate the humoral response. The details were described previously [19] . Briefly, individual wells of 96-well plates (PerkinElmer TM , SpectraPlate TM -96HB) were coated with H5N1-RG strain (HA titer 1:256), diluted in 1:400 with PBS, and incubated at 4˚C overnight. The next day, plates were washed three times using PBS, and then blocked with PBS containing 10% milk at 37˚C for 1 hour. The sera collected from human and rabbit polyclonal antibodies were diluted 100-fold with 0.05% PBST (PBS buffer contains 0.05% Tween 20 (plusone ® , No. 17-1316-01)) containing 5% milk, then incubated at 37˚C for 1 h. After washing five times with PBST, each well was added 100 µl (1:4000 dilution) anti-human IgG Ab and (1:6000 dilution) anti-rabbit IgG Ab conjugated with horseradish peroxidase (HRP) (Amersham Biosciences) as secondary antibodies and incubated at 37˚C for 1 h. After five extensive washings with PBST, 200 µl substrate (0.015% o-phenylenediamine dihydrochloride) (Sigma-Aldrich) was incubated for 30 min at 37˚C. Reactions were stopped by the addition of 3N HCL; absorbance was measured with a spectrophotometer (Labsystems Multiskan Ascent Autoreader; model 354, Finland) at 492 nm.
H5 Hemagglutinin Glycosylated Protein Preparation
The glycosylated HA proteins of avian influenza A H5N1 A/Thailand/1(KAN-1)/2004 strains were kindly provided by Dr. Suh-Chin Wu from the Institute of Biotechnology, National Tsing-Hua University, Hsinchu, Taiwan. The H5 recombinant proteins were prepared with a baculovirus cell-based system. Briefly, HA proteins of A/Thailand/1(KAN-1)/2004 strain were prepared by the cotransfection of baculovirus transfer vector with BaculoGold-linearized baculovirus DNA (BD Biosciences, Bedford, MA) into Spodoptera frugiperda (Sf9) cells (Invitrogen, Carlsbad, CA) using the BaculoGold transfection buffer set (BD Biosciences, Bedford, MA) and subsequently amplified in the same cells. HA was recovered from the cell supernatant by metal affinity chromatography using Ni Sepharose high-performance resin (GE Healthcare, Piscataway, NJ). Fractions containing HA were combined and subjected to ion-exchange chromatography using a MonoQ HR10/10 column (GE Healthcare, Piscataway, NJ). HA oligomers, trimers, and monomers were separated by gel filtration chromatography using a Hi-Load 16/60 Superdex 200-pg column (GE Healthcare, Piscataway, NJ).
H5 Western Blot Assay
The H5 glycoproteins generated from the bacovirus cell-based system mentioned above were used in the H5 WB assay. The procedures of WB were described previously [17] . H5 proteins were separated by SDS PAGE and transferred to nitrocellulose membranes (PolyScreen, PerkinElmer). Transferred antigens were incubated with the sera from participants or controls at 37˚C for 1 h. After three washings with PBST, NC membranes were incubated with HRP-conjugated antibodies (goat antimouse IgG, goat anti-human IgG, or goat anti-rabbit IgG) (Amersham Biosciences) for 1 hr at 37˚C. Hybridized protein bands were visualized using the 0.05% 3-3'-Diaminobenzidine detection system (SIGMA).
Hemagglutinin Inhibition (HI) Assay
The HI assay was performed as previously described [20] . Briefly, the serum was pretreated with receptor destroying enzyme (1:10 dilution) (Cholera filtrate, Sigma, Germany) to inactivate non-specific inhibitors. The 2-fold serial diluted sera were incubated with 4 HAU H5N1-RG viruses at room temperature for 30 min in V-bottom 96-well plates. 0.5% freshly prepared turkey red blood cells (RBCs) were added and then incubated at room temperature for 1 hr. HI titer was determined by calculation of the reciprocal of the last serum dilution which contained non-agglutinated RBCs.
Miconeutralization (MN) Assay
A sensitive MN assay was performed to detect the neutralizing capability of anti-sera; a detailed description of the procedure was previously given [17, 21] . Briefly, all sera were heat-inactivated for 30 min at 56˚C and serially diluted two-fold in a 96-well tissue culture plate (Becton Dickinson Labware, USA). Diluted sera (50 μl) were mixed with an equal volume of influenza H5N1-RG virus (100 TCID 50 /ml) and incubated for 2 h at 37˚C, after which 100 μl of MDCK cells (1.5 × 10 5 /ml) were added to each well and incubated for 18 h at 37˚C. Monolayers were washed with PBS and fixed in cold 80% acetone for 10 min. The presence of viral proteins was detected using a monoclonal antibody against the influenza A NP (1:1000 dilution) (Abcam) followed by anti-mouse-IgG conjugated HRP (1:4000 dilution) (Amersham Biosciences). Following the addition of OPD substrate, absorbance was measured at 492 nm. All tested sera were assayed in triplicate. Neutralizing endpoints were determined using 50% specific signal calculations as previously described [18] .
Statistical Analysis
Information on age, gender, address, history of exposure was obtained through interviews conducted during the collection of serum samples. Data from the questionnaires were entered into a computer using Microsoft Ex- 
RESULTS
A total of 149 participants from three provinces of northern Vietnam were recruited in this study (Figure  1(a) ). Their main occupations were divided into three groups: poultry raisers (51.7%), slaughterhouse workers (27.5%) and health care workers (20.8%). The mean age was 40.6  13.7 years (range, 9 -76 years) (Figure 1(b) ).
H5N1 virus coated ELISA assay (H5N1 ELISA) was established by using H5N1 reverse genetics (RG) strain (A/Vietnam/1203/04) to coat on the plate [19] . We first used H5N1-uninfected sera (n = 42) confirmed by HI assay to determine the cut-off value of H5N1 ELISA (cut-off value = mean + 3 S.D). Results indicated that the cut-off O.D value was 0.958, and results above the cutoff value were considered H5N1 seropositive (Figure  2(a) ). Glycosylated HA proteins of avian influenza A H5N1 A/Thailand/1(KAN-1)/2004 strains were prepared with baculovirus cell-based system and used for H5 western blot assay to detect anti-H5 specific antibodies (Figure 2(b) ). The intact HA trimer and denatured HA proteins HA0/HA1/HA2 could be detected in the cell lystaes and culture medium in native and denaturing gels electrophoresis analyses (Figure 2(b) ). Results from WB analysis of sera from H5N1 vaccinees and H5N1 seropositive subjects showed a reactive band in H5 HA (Figure 2(c), lanes 4 and 5-7) . Notably, the sera from H5N1 seronegative subjects and seasonal flu vaccinee did not react with H5 HA protein in the WB (Figure 2(c), lane  8-10) . Further, we used 20 H5N1 positive sera (form H5N1 vaccinees) and 20 H5N1 negative sera to evaluate the sensitivity and specificity of our combinational assay. Figure 2(d) showed that 25 were H5N1 ELISA positive and 15 were negative. H5 WB confirmatory analysis showed that 21 were positive and 19 were negative. While H5N1 ELISA may show cross-reactivity of the antibodies against other subtypes of the influenza A virus, this cross-reactivity could be ruled out by H5 WB confirmation assay. We compared the sensitivity and specificity of H5N1 ELISA combined with H5 WB with those of the HI assay, which is considered the gold standard in clinical laboratory, and our results indicated that our combinational assay had higher sensitivity (100%) and specificity (95%) in detecting specific anti-H5N1 antibodies ( Table 1) .
The combinational assay was used to survey H5N1 infection of 149 sera samples from H5N1-suspected subjects in northern Vietnam. Results of our combinational assay indicated that 51 out of 149 (34.2%) were H5N1 seropositive ( Table 2 ). All the H5N1-suspected sera samples collected in this study were from slaughterers, poultry raisers and health care workers. We further analyzed the H5N1 infection prevalence rate in these three groups. Results indicated that poultry raisers had higher infection rate (41.6%) than slaughterers (29.3%) and health care workers (22.6%). Some of the samples were also confirmed by MN or HI assays ( Table 2) .
We further analyzed the risk factors for H5N1 infection among these three groups ( Table 3) . A total of 31 serum samples were obtained from health care workers. Eleven subjects in this group were reported to have direct contact with H5N1-infected patients. Seven subjects were found to be H5N1 seropositive and 6 of them had history of exposure to H5N1-infected patients. The main risk factor in health care workers was exposure to H5N1-infected patients (p < 0.05, OR = 22.8, 95% CI = 2.2 -235) (Data not shown). Seventy-seven poultry raisers were recruited in this study. The results indicated that the presence of sick or dead poultry in households and direct contact with infected poultry were not correlated with H5N1 seropositive rates (p > 0.05, 95% CI = 0.9 -2.4 : paired sera of rabbit anti-H5N1 polyclonal antibodies; lanes 3-4: paired sera of H5N1 vaccinee; lanes 5-7: sera from our subjects whose H5N1 seropositivity was confirmed by HI and MN assays; lanes 8 and 9: sera from our subjects whose H5N1 seronegativity was confirmed by HI and MN assays; lane 10: sera from seasonal flu vaccinee (seasonal flu vaccine contains H1N1 + H3N2 + Flu-B). Arrows indicate H5-HA proteins; (d) 20 sera of H5N1 vaccinees and 20 sera of H5N1 uninfected persons were used for sensitivity and specificity evaluation in our combinational serologic assays. These sera were confirmed by HI and MN assays a priori. were reported to have direct or close contact with H5N1-infected patients. Results in slaughterhouse workers indicated that the presence of sick or dying poultry in the household (p < 0.05, OR = 2.9, 95% CI 1.1 -7.7) and direct contact with sick or dead poultry (p < 0.05, OR = 7.1, 95% CI 1.3 -38.3) were risk factors for H5N1 infection. Moreover, the lack of protective equipment (such as masks, gloves, boots) during the slaughter process also increased the risk of H5N1 infection (p < 0.05, OR = 5.2, 95% CI = 1.3 -22.4).
Footnote: The correlation of HI and ELISA + WB was analyzed by McNemar's test (p > 0.05).
DISCUSSION
and 0.7 -8.9). However, subjects who did not use protective equipment when in contact with sick or dead poultry had a significantly higher risk for H5N1 infection (p < 0.05, OR = 2.6, 95% CI = 1.01 -7.2). In addition, 4 poultry raisers were identified as H5N1-infected and they
Since the H5N1 outbreak in Hong Kong in 1997 [22], multiple serological methods have been developed in an effort to maximize the sensitivity and specificity for detecting H5N1-specific antibody responses. Presently, serological assays used clinically to detect influenza A virus include HI, ELISA, WB and MN assays. The HI and viral neutralization assay are considered the "gold standard" for serologic diagnosis of infection with human influenza viruses [23, 24] . ELISA is popular and widely used in clinical virological laboratories due to its ease and speed, but it sometimes shows high false positivity owing to cross-reactivity to other types of influenza viruses. WB is often used as a second line or confirmatory assay because it is too labor-intensive to screen large samples. In this study, we used H5N1 ELISA for initial screening and H5 WB for confirmation. This combination showed high sensitivity (100%) and specificity (95%). Recently, Rowe et al. [18] indicated that when combined with a confirmatory H5-specific WB test, the specificities of both ELISA and MN assays improved. Their results indicated that maximum sensitivity (80%) and specificity (96%) for the detection of anti-H5 antibody in adults aged 18 to 59 years were achieved by using the MN assay combined with WB. Maximum sensitivity (100%) and specificity (100%) in detecting anti-H5 antibody in sera obtained from children less than 15 years of age were achieved by using ELISA combined with WB. These findings are in agreement with those of our study. Previously, researchers suggested the use of a highly purified baculovirus-expressed H5 HA protein from A/Hongkong/156/97 virus (clade 3) in a confirmatory WB assay [24] [25] [26] . In this study, a highly purified baculovirus-expressed H5 HA protein from A/Thailand/ KAN-1/2004 strain (clade 1) was produced for the confirmatory WB assay. Recent studies indicated that before May 2007, highly pathogenic avian H5N1 viruses isolated from poultry and humans in northern Vietnam were reported to be clade 1 viruses [14] . Accordingly, we believe that most of the subjects infected with H5N1 were mainly infected with clade 1 virus. We further compared the amino acid identity between clade 1 and 2.3.4 and the results showed 95.4% -96.6% sequence identity between these two clades. It was therefore reasonable to select a H5N1 clade 1 virus (A/Vietnam/1204/03 and A/Thailand/KAN-1/2004) as reactive antigen to set up the H5N1 ELISA and H5 WB.
OPEN ACCESS
The seroprevalence of H5N1 infection in different oc-cupational groups has been continuously surveyed to better understand the epidemiology of human H5N1 infection [27] [28] [29] . In this study, H5N1-suspected subjects were divided according to their occupation into poultry raisers, slaughterhouse workers and health care workers. Our results showed a higher seropositive rate in poultry raisers and slaughterers (41.6% and 29.3%). In a cohort of 293 Hong Kong government workers participating in a poultry culling operation and 1525 poultry workers, Bridge et al. [25] found that approximately 10% of poultry workers had anti-H5 antibodies. They suggested that increased exposure to poultry, such as by butchering or exposure to ill poultry, was associated with the presence of anti-H5 antibody [25] . Suatana et al. indicated that poultry raisers handling and slaughtering sick birds were at a higher risk of avian H5N1 infection. They observed disease transmission from poultry to poultry, but not from poultry to humans [30] . The facts that the majority of our subjects lived in traditional Vietnamese communities raising poultry in nearby areas and that continuous H5N1 outbreaks occurred in northern Vietnam may have contributed to increased risks of H5N1 infection. Our results also indicated that 7 of 31 (22.5%) health care workers were H5N1 seropositive. These health care workers were found to be in direct or indirect contact with H5N1 patients (data not shown). Most cases of H5N1 influenza virus infection are believed to occur through bird-to-human transmission. A few isolated cases of suspected human-to-human transmission have been reported [15, 31] . A study in Hong Kong provided evidence that health care workers were infected with H5N1 via exposure to H5N1-infected patients [32] . We therefore suggest that H5N1 human-to-human transmission is possible and may increase the chances for the emergence of a novel influenza virus with pandemic threats. Risk factor analysis showed that a significantly higher risk of H5N1 infection was observed in slaughterhouse workers in direct contact with dead poultry (OR = 2.9, 95% CI = 1.1 -7.7) and this was consistent with Dinh et al.'s study [33] in Vietnam (OR = 7.41, 95% CI = 2.7 -59) and Areechokchai et al.'s study [34] in Thailand (OR = 29, 95% CI = 2.7 -308.2). In our study, poultry raisers in direct contact with sick or dead poultry were not at an increased risk. However, our results indicated that healthy poultries may also be an important source of viral transmission as 14 H5N1 seropositive cases did not have any previous contact with sick or dead poultry ( Table 3) . Our results indicated that using protective equipment is important for H5N1 prevention. These findings are similar to those reported by Mounts et al. [35] from a study of markets selling raw poultries in Hong Kong. H5N1 seropositive rates were correlated with the use of protective equipment when in contact with sick or dead poultry. This correlation was statistically significant in both poultry raisers and slaughterhouse workers (p < 0.05). We suggest that the use of protective equipment when touching sick or dead poultry is extremely important.
Our study revealed a high prevalence of H5N1 seropositivity in northern Vietnam. This may be due to a lack of awareness of the dangers of the disease by Vietnamese people who were in contact with sick or dead poultry, as most rural households in Vietnam breed small poultry or have poultry cages near their houses. This may increase the risk of the virus spreading in the community. Similar findings and situations were also reported in Cambodia [36] , Nigeria [37] and Thailand [38] . Combined, we suggest that preventive measures and education are therefore necessary to decrease the risk of viral spread in the community. These data are valuable for influenza H5N1 virus research, diagnosis and prevention.
